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Agenda

e Motivation
e Aviation — climate targets
e How to decarbonize aviation?

e The role of EC group (A!) in development of
sustainable aviation.

» ADVANCEFUEL project
* Some part of results

e Conclusions
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Map of the World’s Air Traffic Connections




Map of the World’s Air Traffic Connections

« >3 billion passengers
* 1400 airliners
« 4000 airports
« 25000 airplanes

2014



Aviation is a number ONE if it comes to the growth!

Air transport, passengers carried
International Civil Aviation Organization (ICAQ) e @
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Are we not in trouble?




Aviation - sector specific targets

In 2009, the aviation industry collectively agreed to the world"s first set of sector-specific climate change targets.

2010 2020 2050

1.5% p/a fuel Carbon-Neutral 50% reduction in
efficiency Growth from 2020 net CO2

emissions over

Working towards Implementation of 2005 levels

Carbon-Neutral global sectoral
Growth approach




Need of liquid fuels

Need of liquid fuels vs electrification

Aviation

Marine

Heavy Duty Vehicles

Rail

Lighy Duty Vehicles
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Past and future ASTM certifications of SAF production pathways

Blending
2009 50%
2011 50%
2014 10%

{C5] exp. 2016

|ATA Sustainable Aviation
Fuel Roadmap

Alcohol to jet SKA

TESTING

Synthetic aromatic kerosene by catalytic conversion of sugars

Catalytic hydrothermolysis I

151‘ Edition Synthetic (paraffinic) kerosene by catalytic conversion of sugars

-

HEFA - Hydrotreated Esters and Fatty Acids



Close collaboration within the whole value
chain and beyond!

https://blogs.scientificamerican.com/guest-blog/how-international-cooperation-in-research-advances-both-

eeeeeee -and-diplomacy/
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O Part of EU Horizon 2020
0 Coordination and Support Action of EU Commission

L Facilitating market roll-out of advanced liquid biofuels in transportation
sector between 2020 and 2030 and beyond
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Importance of the research

e Increased market acceptance and end-use of renewable fuels

e Support for decision makers and fuel producers

 Assessment of future potential of alternative fuels

* Providing market stakeholders with state-of-art knowledge and

sophisticated, user-friendly tools with integrated calculators, standards, and
recommendations.

A, , Aalto University

This project has received funding from the European Union's Horizon 2020 researc h and innovation programme under grant agreement N.® 764799, 15
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Structure of the problem

INPUT

SNLCHLNE S -vightuty (passanger cars) PROI:JEERLﬂEs
*Heavy-duty (trucks)
TYPE e

*Avyiation

= |gnition delay

\Cx!l"l!lﬂ‘l.’l@ln e Maximum HRR
cnaracteristics

* Cylinder pressure
# Burned fuel fraction

ENGINE * Fuel consumption

* Exhaust emissions

PERFORMANCE SEMTNIY)

OUTPUT
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Fuel properties

Fuel
Consumpticn

The novelty

of the

Distance —Engine | Grado | Vehicle-to-
n— > vehicle
et

Vehicle speed Type and
and Roughness

acceleration

Transmission

,, Aalto University
School of Engineering



Current Accomplishments, and Future Scope ’”
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Literature study Data collection b i (el Gry Modelling and validation Final models ready Publishing
development

=

¢ SI LDV - Published
¢ CI LDV - Published

¢ SI HDV - data
collection

¢ CI HDV - data
collection

e Data
collection

e Methodology
development

e S| engines -

Road

data collection

e Cl engines —
data collection

Marine

e Model
published

Off-road
Aviation
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Approach to the research problem

ADVANCEFUEL
Fuel blending Fuel properties Modeling Engine GHG
A procedure performance emissions
A A A A

Black-Box

Input-Output

[ |
- Multilinear regression
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Modeling methodology

Character of the data: multi input, single output

* Approach: data-driven black-box modeling
Mathematical methodology: multilinear regression
Validation: residual analysis and cross-validation

a=a-AX)+b-B(X)+c-C(X)+d-D(X)

//ﬂk a- fuel consumption [%)]

/- a-0 X — alternative fuel concentration [%]
A(X)...D(X) — fuel property [%]
a...d — model coefficients.

* |nput and output parameters represented as relative (%) changes in reference to standard
diesel/gasoline.

’, Aalto University
- This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement N.® 764799, School of Engineering 20



How to select input
properties ?

e Properties that are measured in the
literature sources.

 Statistical significance analysis (t-test,
p-value for t-test). All input properties
have to be mathematically significant
and justified.
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Possible approaches

Steady state Many limitations A DVA N C E F U E L

Impact of fuel properties on engine
performance and emissions

les

2nd approach Universal modals)

Combustion
characteristics

Thousands of influencing
parameters

3rd approach
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End-use performance of alternative
Sl and ClI fuels in LDV engines. ADVANCEFUEL

% Change
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Conclusions )

ADVANCEFUEL

e Liquid fuels will be in the high need even in the distant future.
e Aviation is the last branch of the transport sector to be electrified!

* The black-box modeling of the end-use performance of alternative
transport fuels resulted in high-quality models.

e Fuel consumption of alternative fuel or its blends can be predicted based
on known set of fuel properties.

* Engine performance is influenced strongly by both fuel properties and
operation (driving) conditions.

* Developed models both for Sl and Cl case represent the impact of fuel
properties on engine performance with high accuracy (FC and CO,).
However, models are under continuous development.
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December 2018

OVER

150 000

Flight ' SAF
https://www.iata.org/pressroom/facts figures/fact sheets/Documents/corsia-fact-sheet.pdf



https://www.iata.org/pressroom/facts_figures/fact_sheets/Documents/corsia-fact-sheet.pdf

4 AIRPORTS

Regularly distributing SAF

Oslo (Lufthansa, KLM, SAS, KLC),
LAX (United and KLM),
Stockholm (SAS, KLM, BRA),
Bergen (all departures).

Additionally, batches have been delivered to: Stockholm Bromma, Are Ostersund,
Goteborg, Karlstad, Halmstad, Brisbane, Chicago.

https://www.iata.org/pressroom/facts figures/fact sheets/Documents/corsia-fact-sheet.pdf



https://www.iata.org/pressroom/facts_figures/fact_sheets/Documents/corsia-fact-sheet.pdf

42 Million Liters

Approximate amount of SAF produced in 2017

1500 Million Liters

Agreements from commercial airlines to purchase SAF in the future



https://www.iata.org/pressroom/facts_figures/fact_sheets/Documents/corsia-fact-sheet.pdf
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‘Thank you for your attention !

Yuri Kroyan
yuri.kroyan@aalto.fi

Michal Wojcieszyk
michal.wojcieszyk@aalto.fi

Martti Larmi
martti.larmi@aalto.fi

e Energy Conversion Research Group https://youtu.be/mK41f241X1k
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